The SXR probe beam size was estimated by transmitting the XUV beam (>90% transmission) through a laser-drilled pinhole. Fig. S1. Pump laser-drilled pinhole used for the SXR probe beam spot measurement.
SXR probe and optical pump beams characterization
The SXR probe beam size was estimated by transmitting the XUV beam (>90% transmission) through a laser-drilled pinhole. The pump beam ( =400 nm) spot-size measurement was carried out using a beam profiler camera. The image was then normalized using the pump pulse energy (220 µJ) and pulse duration ( = 30 fs) in order to estimate the peak intensity. The pump-probe beam crossing angle was estimated to be 0.5 deg (8 mm beam separation at 900 mm from the focus). At 62 µm probe beam diameter, this corresponds to a temporal smearing of 1.7 fs.
SXR spectrometer description and resolution analysis
The spectral resolution of the SXR spectrometer was estimated to be 0.4 eV at the carbon K-edge, see Fig. S3 . Determination of the SXR spectrometer resolution. Left panel: measurement of an argon absorption spectrum realized by filling the interaction chamber with 0.1 mbar of argon. Center panel: comparison to the spectrum measured at a synchrotron (adapted from Ref [S1] ). Right panel: spectral resolution limit and resolving power estimated from the detector spatial resolution (26 µm) and the SXR source spot size (70 µm) considering the measured slope error of 2.2 arc sec rms from Ref [S2] . A comparison between calculated and experimental spectrum of methanol monomer is shown in Fig. S4 . Figure S4 : Comparison between the calculated XAS spectra with experimental data adapted from Ref [S4] . The calculated spectrum has been shifted by -2.48 eV over the experimental spectrum in order to facilitate the comparison. As can be seen, the main absorption features and intensities are reproduced. This suggests that the computational method is sufficiently accurate to provide a reasonable agreement with the experimental data. In the calculation, the higher Rydberg states are missing because of the limited size of the ET-QZ3P-3DIFFUSE basis set. In Fig. S5 the dimer configurations as a snapshot of the AIMD trajectory between 0 fs (time of ionization) and 100 fs are illustrated. The proton dynamics is clearly observed in the early tens of femtoseconds in agreement with a previous study. S5 Figure S5 : Snapshots of the methanol dimer configuration in the period comprised between 0 fs and 100 fs in 5 fs steps. The snapshots clearly show the transfer of the proton H6 (blue circled) from the oxygen of the H-bond donor (O5) and the oxygen of the H-bond acceptor (O11) during the considered period of time. Figure S6 shows the bond length variation for the calculated trajectories for different O-H moieties involved in the proton dynamics. With respect to the labeling of figure S5 , panel A refers to the variation of the O5-H6 bond length while panel B refers to the variation of the O11-H6 bond length. A very fast proton exchange takes place between 0 and 50 fs as H6 is exchanged between O11 and O5. This is evidenced by the O5-H6 bond length increase (panel A) concomitant with a sharp decrease of the O11-H6 bond length (panel B). A similar behavior is observed between 100fs and 160fs, where H6 is transferred from O5 to O11. Panel C illustrates the O11-H12 bond length variation. This panel shows that, unlike H6, H12 doesn't take part in exchange or transfer processes. Figure S6 : O-H bond length variation during the 500fs calculated trajectory for O5-H6 (A), O11-H6 (B) and H12-O5 (C) according to the labeling in S5.
Theoretical Simulations

